FIELD OF THE INVENTION 
This — .,a.es ,0 h,a,u»* a«p.ide co„iu,a.e ».ecu,es, and 
,^„.ca, »™.».o. eo^pHsI. .e. . pan* p..n. .0 
^ P.-. .o» — - « " 

• TUa mnlecules of the invention and 
,0 e^s-^activewiU, bo* group A and group Cs«ep.ococc,.Tl,e,.oiec„,e 

I„«o„a„dford,ediag„osesofdiseaseoa„sedbygroupAa„dgroupC..p.o»cc.. 



i 



m 



BACKGROUND OF THE INVENTION 
I H,a,uro.cao,d(HA)isa™-yoccu„I„gg.y— ,,can. I.is-deup 

.^..ue,e.g..pM«,oc*n„.d,.uov.«,s.„,.da,.Iuso«s.p.o»^ 
2 ..K as.. e cap* 0, group A and group C.ep.oco«I. Sue. u,uco,d or .g.. 
.capsuled ^ . group A s.p.oeoca ..e .eu assoca.. .0. u„^. s^e 

Hu„au.»,veso..ueI.e.o.caused.,g.oupAa„dgroupCs.p.ococoia,eass^^^^^^^^ 

horses. . . . . r 

T,e,nucoidco,ouyn.orpKo.og,otgroupAandgroupCs.rep.ococo„saresuI.of 
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. c • r;^^ 88- 8317-21- Dale et al. 1996, Infect. Immunol. 64:1495- 
et al 1991, Proc. Natl. Acad. Sci. USA 88. 8317 21, ua 



et al 1998, J. Clin. Invest. 101 :1708-16). 

P„ve*,.d«e.i„,infec.io„sof^-posUivepa*o,e.s«hass»e,ococc. 

, .^.*..po--»e..eaeve,„p-or..-.-.--e..«^^^^ 

' „..^.e,.re„...-H.»o„.P»*p...„..-„.^^^^^^^ 
.........^o...C^p.o..P-..ep^«.H^. 

..e an. o. ..«oc. co^P^es .ve,o.- or as a 

response directed at the host tissue. 

« recently. HA has been ^ » ^ » — "'^ "** 
,,3M.«C...U..a„aH™pMs,.-3,.o*...3«.0,Howeve,,™o«»e« 
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a;.derhi„. .9S2. B^op^s. Res. C— . .08:.48S). FUU. e. a,, induced -odies . HA ■„ 
„ice wid, HA bound .0 liposomes. Uey report ,ha, HA is i— genio and idendfed .wo 
.„U,enic de—s on U,e moWe. Filli. e, al. also noted m .he n.ode of prese„..ion of 

5 HA on d,e liposome is important to its immunogenioiiy. Finally. Filli. e. al. reported ,ha. an HA 
^ was coss-reacive hepa«n sulfa.e and tha. such crt,ss..eac.ior. could he involved 
in .he pathogenesis of autoimmune vascular disease (Filli. e. al., 1988. E.p. Me, 168.71- 
,S2) Based on d.e reports summanzed above, i. remans unpredic* whe.her HA or HA 
eoniuga.es would elici. an immune response useful for inhibiring or .reating infeCion from HA 

O containing bacteria such as group A or grtjup C stteptococci. 



m 

hi 



SUMMARY OF THE INVENTION 
i The present invention provides for an immunogemc composition comprising HA 

t and LMW-HA conjugated to a polypeptide or protein eartier. The conjugate molecules of *e 
I present invention are useM for elici^ng antibodies ..ha. arc cross-reactive to baCcria conUimng 
K HA. such as bod, g^up A an;;oup C s.ep.ococci. corrugate molecules of the present 
^' invention and phart™ceu.ical composiUons comprisrng dtem are useM in a medrod for the 
„ and diagnoses of infecion and disease caused by such bac^ria. including group A and 
group C streptococci. 

,0 Applicant have surprisingly discovc^d .ha. the LMW-HA conjugates are 

immunogemc in mammals. Even more surprisingly, applicants discovered tha. an.ibodies 
elicited by dre^nj^- of dte invention are crt,ss-reac.ive wi* groups A and C st^ptococc, 
bu.areonlyminimallycross;rcactivewi.hna.iveHAassocia«dwiti.mammaliantissue, 
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Methods to, conjugating LMW-HA u, polypeptides inelude reductive agination. 

^ie,andacatboxy.ate™oiet,o„U,eLMW-HA.ot.ynseofa«e,n,o,ecu,e.T.ei„venti„n 
p^videsp— ealc„n,positio„scon,ptisingconiuga.en,o,ec„,esofLMW.HAa„d.hen. 
ortitesecon-positionstoeHcitantibodiesfotthe^eatntentotinfeetionbyHAcontainingbactetia 

„b as groups A and C str^to^ci. as vaccines, and for diagnos.cs. Any polypeptide that 
converts a carbohydrate T cell independent response to a T cell dependent res^nse is suitable 

. . • 1 ~,rm. e » PorA of gonococci, and PorB of meningococci, 
pertussis toxins or toxoids, neissenal porais, e.g., PorA or go 

The present invention also provides phamraceutic^ compositions, vaccines and 
other im.nunologica,reagentsdeHvedftomtheimmunoge.cLMW-„A.polypeptideconjusate. 

The invention is fttrther directed to a method of immunizing a mammal agatnst 
bacterial infections. Tl-e method comprises administrating an effective amount of the 
pharmaceutical composition of the invention to a mammal for deterring infection fiom a dtsease 

containing HA, such as group A and group C streptococci. 

Tlre invention also provides a method of eliciting antibodies in mammaU. 
p^ferably ht«a„s, with the inventive LMW-HA-polypeptide conjugates. T.e invention also 
provides for an imm^globulin composition and isolated antibody that are elicited in response 
0 to immuni.ng a mamm.1 using tite poiysaccharidc^lypep* conjugates of the invention, 
such immunoglobulin and isolated antibody are as therapeutic agents and as diagnostic 
reagents. 

ne immunoglobulins and.antibodies produced are,specif,e_ for LMW-HA, T*e 
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.Ce.les of ,he — a. a,» use«., for raising —a, ^ a„«o.ypic 
antibodies according to well known methods. 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG 1: Structure of hyaluronic acid (HA). 

no 2: Oeneratio- of antigenic low molecular weigh. LMW-HA by so„ica.io„ 

and/or acid treatment. 

FIG 3: Sttucture otthe streptococcal HA protective epitope; a) tetrasaccharide 
fto,nso,.catedHA;b)tetrasaccharide generated atethcactionofhyaluronidase. 

F1G4: ELISAtitersofrabbitantiseratosonieatedHA-TT conjugates. 
FIG 5: ELISA titers of rabbit antiscra to acid hydrolyzid LMW-HAAT 

conjugates. 

FIG 6: Titration of rabbit antisera to sonicated LMW-HA/TT conjugate. 
FIG 7: Titration of rabbit antisera to acid hydrolyzed LMW-HA/TT conjugate. 
FIG 8: Inhibition of rabbit antiserum # 75295 with acid hydrolyzed HA, 
5 sonicatedHA^andsonicatedHAcor^ugateonLMW-HAmSAcoatedplates. 

FIG 9: Inhibition of rabbit antiserum # 75295 with sonicated HA, native HA, 
0.glucuronicacid,HAdisaccharide,andHAtetrasaccharideonLMW-HAm^^ 

FIG 10: Inhibition of rabbit antiserum # 72700 with sonicated HA, native HA, 

u -A HA tetrasaccharide on LMW-HA/HSA coated plates. 
20 D-glucuronic acid, HA disaccharide, and HA tetrasaccnanae 

FIG 11: Inhibition of rabbit antiserum #72700 with sonicated HA, native HA, 

HAdisaccharide,HAtetrasaccharide,andHAhexa/octasaccharideonLMW-HA/HSAcoat^^ 
plates. 
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FIG 12: ELISA titers of BALB/c mouse antisera to LMW-HA/rPorB conjugate. 
FIG 13: ELISA titers of GDI mouse antisera to LMW-HA/rPorB conjugate. 
FIG 14: Passive immunization of Balb/c mice with rabbit antisera; challenge with 
GAS type 6 (4,400 cfu/mL). Respectively, ■ rabbit antisera against PBS/CFA; ♦ rabbit antisera 
5 against sonicated LMW-HAA-T; • rabbit antisera against sonicated LMW-HA/TT; A rabbit 

antisera against sonicated LMW-HA/TT. 

FIG 15: Passive immunization of Balb/c mice with rabbit antisera; challenge with 
GAS type 3 (2.5 x 10^ cfo/mL). Respectively, ■ rabbit antisera against PBS/CFA; ♦ rabbit 
antisera against sonicated LMW-HA/TT; • rabbit antisera against sonicated LMW-HAAT; A 
li rabbit antisera against sonicated LMW-HA/TT. 

ii 

yj DETAILED DESCRIPTION OF THE INVENTION 



!j Hyaluronic acid is used as an immunogen to raise a protective and/or therapeutic 

0 re^onse. In particular, HA is useful for raising an immune response that is cross-reactive with 

1 bacteria, such as group A an^gro^iK: streptococci, that have HA on their surface. Without 

being bound by theory, itj(^ieyed^lUA^^ ^^"^ 
streptococcus about 3 or 4 resi_dues in.length and is located at the nonreducing terminal. There 
'i^ppear'to be a significant difference whether the non-reducing terminal^luc« acid 



^e is saturated or unsaturated as both epitopes are protective. In addition, it^ttat the 
20 terminal glucuronic acid is converted to unsaturated glucuronic addmlblood and otherbod^ 
fluids. HA cmi terminate in either a glucosaminyl or glucuronyl residue, the immune response is ^, 
enhanced when the percentage of glucuronic acid or unsaturated glucuronic acid at the 
nonreducing terminal of HA is increased over the percentage of iV-acetylglucosamine. 
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A,*ough native HA may be u^d for preparing conjuga^s according .0 .his 
invention, prefera.,yLMW.HA.ha.U^.a.u.3or4sacc«des.oa.o..000 — 

a^.^^ 600 daltons to about 400 Kd in si.^ is used to prepare conjugates. More 
^,7^1W^^ ^ -harides or ^ repeat units to about ,00 .peat .»its or 

LMW.HA»,beobtainedfton,n.iveHA,whichtypica„yhasa — «eigh.of400Kdto 

several ntillion daltons (available ftom SigMa or by purification according to U. S Patent No. 
4,4,973) by various methods including somcation (Kubo K; et al. Glycocon, J.. 
,„3 10(6):435) or by chemical (Blatter G, Ca**,* Res. ,996. 28S:,09-125 and HalUes K. 
, Car^o^^. Res. ,998. 309: ,6,.,64) and/or enzymatic (De Luca et a,. J. A.. Soc. 



^5 1995 1 17:5869-5870) methods. 

' The invention a,so provides for LMW-HA(mo,ecJs containing glucuronic acid 



„sidues at the nonreducing termina,. One method tor obtaining glucuromc acid ternnna, HA 
E ,.gmentsisbys„nicario„„fnaUveHAacco*gtothem«hodof Kt*oK;e.a,.«X^ 
3 ,993 ,0(6):435. The percentage of mo,ecu,es with a glucuronic acid te^rtna, can be tncreased 
t^tment of the sonication product with an e.o-P*ace,y, glncosaminidase .0 remove any 

non-r^ucing terminal .-acetyl glucosaminyl tesidues and provide LMW-HA with a higher 
percentage of glucurony, residues at^enonreducingtermiual of the molecules. Analtemattve 

generate mo,ecu,es containing a .nixt^ of N-acety, g,ucosaminy, and glucnronyl residues at 
.Heir nonreducing ends. Ue terminal nonreducing glucosaminyl groups on the acd 
aepolymerized LMW-HA can be removed with an e.o-p-N-acety. glucosamitUdase to pro.de 
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LMW.HA wUh glucurony, residues a. «,e non^ucing ™in^ of *e molecules. See Figu. 2. 
The invention * provides LMW-HA .oleeules eon..„ing 4.5— ed glueuronyl residues 
a..he„cnreducins.ern,ina,. SeePigure3. One medrod for ob-ng 4,-unsa«ed glueuronyl 
tenninated HA fragments is by treatment of native HA with hyaluronidase. 

The LMW-HA tor use with dre present invention consists of fragments wherein at 
about 90V. of dte LMW-HA fragments have glucuronic acidgWsamrated glucuronic acid 
.their no„reducingte,mh,..P.f=rably.atleastabout95%ofthe LMW-HA fragmentsfort. 

^d, dre invention have a glucuronic acid^ unsaturated glucuronic acid at their nonreducing 

terminal. 

When using sonicadon, n.dve HA can be dUsolv^ in a suitable solvent such as 

LMW-HA obtained by such t^atment preferably has a molecular weight of about 10-20 Kd and 
contains mainly glucuronic residues at the. nonredueing terminal end, i.e. greater d,an 95%. 

,n addition, LMW-HA fragments comaining a mixture of N-acetylglueosammyl 
and glueuronyl residues at dteir nonredueing ends can be obtamed by treatment of HA under 
mildly acidic conaions. About^of the LMW-HA fragments obtained by this medtod have 
.ucuronic acid at dreir nonredueing tennin.. to dre acid treatment the terminal 

nonreducng glucosaminyl groups can ^ selectively r^toved from the fragments with an exo-P- 
„ ;,-acety. g—dase (available from Sigma, to expo, glueuronyl residues at dte tennina, 
end of dte molecules. By varying the reaction condiUons. the percentage of fragments wtd, 
.e^inal nonr^ueing glucosaminyl groups can be controlled. For example, dre reaction can be 
stopped by disrupting the enzyme wid, heat or pH at various points of completion to obtam dte 
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desired percenUge of fragment wifl, glucuronic acid a, to noureducing terminal. 

I„ addition, LMW-HA with either AT-acelyl-P-D-glucosamine or p-D-glucurouic 
acid a. the r«iucing end can be chemically synthesize by methods known in fl,e art. See BlaUer 
G, Carmy*. to. .996. 288:109-125 and Halkes K. M. »r. Res. 1998. 309: 161-164. 
For e«nple. a suitably protected glucosamine-glucuronic acid disaccharide can first be prepared 
from the cor«spo„ding monosaccharides. Tlte monosaccharides can be coupled by methods 
know in the art, such as by the use of an „..richloro.ce,amidogluc„pyr«ose as the glycosyl 
donor. The resulting disaccharide can then be repeatedly coupled with itseltto form LMW-HA 
of varying size. For ex»ple. the anomeric prot^ting group on the glucuronic acid portion of 
the disaccharide can be selectively removed. A preferred protecting g»up for this position is the 
4-me,h„xyphenyl group. For the reducing-end disaccharide, i.e. the fir^ glycosyl a^ptor. the 
anomeric position can be converted to a methoxy moiety, for example, by first converting the 4- 
metiroxyphenyl group to anomeric hydroxyl by treatinent with eerie ammomnm nitrate. T^e 
resulting anomeric hydroxyl group can be convened to an .trichloroacetimidate moiety by 
treatment witi, tiichloroaeetonitrile and DBU. The .triehloroacetimidate moiety can be 
converted to the metiroxy moiety by tieatment with anhydrous methanol followed by tr^tmcn. 
with trimetitylsilyl tiiflate and tiietitylamine. For disacch^ides to be used as glycosyl donors, 
tire anomeric position can be converted to the .-trichloroacetimidate moiety as described above, 
ne methoxy-protected disaccharide described above can be u^ as a glycosyl acceptor after 
, selectively removing the prot^ting group at the 3 position of the glucosamine residue. A 
prefer protecting group for this position is the cMoro^tyl group which can be removed by 
rreatinent wi* thiourea and pyridine in eftanoL The disaccharide donor can be coupled to tire 
acceptor in an mterative manner to produce LMW-HA. i.e., each successive coupling produces 
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LMW-HA ™.h an additional repeat unit Additional preferred protecting groups for the 
glucosamine residue are a 4.6-0-benzyUdene group and a 2*trichloroacetamido group. 
Additional preferred pn,tec,ing groups for the glucuronic acid residue are 6- and 4-0-benzoyl 
groups and a C6 methyl ester. The use of these and alternative protecting groups is described in 
"Protective Groups In Organic Synthesis." 2- Ed., by T.W. Greene and P.O.M. Wuts, 1991, 
John Wiley & Sons. Inc., which is incorporated herein by reference 

HA ftagments can also be synthesized enzymatically using uridine diphosphate- 
sugars and HA synthetase. See, for example, De Luca et al. J. An. CHen.. Soc. 1995 1 17:5869- 
5870. These last two methods allow for the synthesis of LMW-HA having any percentage of 
glucuronic acid a. its terminal. T*us, the formation of LMW-HA by enzymatic degradation, 
enzymatic synthesis or by chemical synthesis allows for the production of greater ti«n about 
98./., or greater than about 99./. of the LMW-HA ftagments having a glucuronic acid 0,>an 
unsatotated glucuronic acid at tiieir nonreducing temiinal. 

The LMW-HA may be coupled to a carrier by methods known in the art. See, for 
ex«ple. Dick and Beut^ in Conjugate Vaccines, Cruse et al. eds., Con,rit. MicroMoL 
,.™o/., Basel. Karger. 1989, vol. 10. pp 48-114 and Jennings and Socd in 
Neoslycoco«Ma,es: Frepara„on W AppUca<to^. Lee e, al. eds.. Chapter 10, pp 325-371, 
1994, Academic Press, San Diego, lite meUtods include reductive amination. coupling through 
fte carboxylate moiety, the use of linkers, and the use of cyanogen bromide or its derivatives. 
When conjugating LMW-HA to a carrier, it is preferable to avoid al.eration_ofJhe epitope a. *e 
„„n„ducing end of 4e polysa^haride. A prefe.cd method of conjugating LMW-HA to carrier 
^i^ conjugation such as by reductive amination at the reducing terminal saccharide. For 
example, a reducing termini end group may be selectively introduced into LMW-HA by 
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^„e,i„„ of *= «du»g .en^M residue wiU. for example . borohyddde. followed by 
periodate oxidation and reductive amination. See, for example. Jennings U.S. Patent No. 
4,356,170. 

Methods wMeh conjugate LMW-HA to a carrier at various locations along the 
5 backbone of the LMW-HA can also be used. For example, LMW-HA can be activate by the 
^ of periodate to generate aldehyde groups in the backbone residues of *e polysaccharide and 
the activated LMW-HA is then treated with a carrier confining a ftee amino group in the 
p^sence of a reducing agent such as a borohydride. »se methods ^so permit conjugation of 
more than one carrier molecule to a single LMW-HA which pemits cross linking. 
I Tlte polypq-tide component of the conjugate molecules of the invention may be 

any physiologically «>lerated protein or polypeptide which evokes a T cell dependent response 
when coupled to LMW-HA. The term polypeptide is intended to be a generic term Utat includes 
peptides, polypeptides tmd proteins including native, modified, or recombinant proteins. 
Examples of polypeptides useM as carriers include, but a. not limited to, bacterial toxins, 
I toxoids, porins, outer membrane proteins, and cross-reactive protein materials. Such polypetides 
! include, bu, a. not limited to, tetanus toxoid, diphtheria toxoid, pertussis toxoid, an 
immunogenic polypeptide derived ftom strep»cocci, an immunogenic polypeptide derived from 
iriluenza, an immunogenic polypeptide derived ftom meningococci, an immunogenic 
polypeptide derived from pne^ococci, and an immunogenic polypeptide derived from E. coU 
20 m particular, tetanus toxoid, diphtiteria toxoid. CRM,„. and porin polypeptides from, 
hemophilus. E. coll and neisseria, such as rPorB. are preferred. See for example U.S. Patent No. 
5,439,808. 

The conjugate molecules prepared according to the present invention typically 
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comprise a earner polypeptide o, protein to which is bound at iea. one low tnoleeular weight 
hyaiuronrc acid ftagnren, through a singie binding site at the te^ina, end of the backbone of fl,e 
^ysaccharide iragntent. Thus, the present invention provides the ability, if desired, to produce 
low .oleoular weight hyaluronic conjugate molecules wherein the polysaccharide component, 
5 except for one end. is unobscured by the carrier. These ty^s of conjugates may be referred to as 
neoglycoproteins. See. for example. Dick and Beu^et. supra. Alten^tively, cross-linked 
conjugates may be formed a«ording to the present invention. Tlese types otconjugates may be 
referred to as lattice conjugates. See, for example, Dick and Beurret, supra. 

The molecular ratio of LMW-HA to polypeptide or protein in the conjugate 
m molecules of the invention is preferably between about 1 to about 100 molecules LMW-HA per 
i molecule polypeptide or protein. More prefc^bly the rado is betweo, about 10 and about 20 
S molecules LMW-HA or epitopes per molecule otpolypeptide or protein. Alt»atively. the ratio 
S „fLMW-HAtopolypeptideorproteincanbedeterminedbyweight.Forexample,thec„njuga,e 

h molecules of the invention are between about m and a^ut SWA weight LMW-HA to weight 
I polypeptide or protem. Preferably, the cot^ugates of the present in««ioa are about 30% to 
0 about lOOr. weight LMW-HA to weight ^lypepUde or protein. In one embodiment, very low 
molecular weight hyaluronic acid, i.e., less th^ about 20 repeat units, is used to form conjugates 
which increases the density of *e epitope. Variations in LMW-HA/po,ypcptide or protein ratio 
„y be achieved by adjusting the conjugation conditions, especially the ratio of the starting 

20 components in the conjugation reaction. 

,n addition to providing conjugate molecules comprising low molecular weight 
hyaluronic acid conjugated to polypeptide or protein, the present invention also encompasses 
multiv^ent conjugates and pharmaceutical compositions and valines comprising the 
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multivalent conjugates wherein different polysaccharides are conjugated to a single polypeptide. 
For example, low molecular weight hyaluronic acid may be bound to polypeptide or protein in 
various combinations with other polysaccharides. Examples of such polysaccharides are the 
capsular polysaccharides from Haemophilous influenzae type b; group B streptococcus type la, 
5 and lb, II, III, IV, V, VI, and VIII; meningococcal groups A, B and C; and group A streptococcus 
polysaccharide. 

The immunogenic conjugates according to the present invention provide useful 
pharmaceutical compositions, such as vaccines, which are important for providing protection 
against infection by HA containing bacteria, such as group A and group C streptococci, in 
m mammals, particularly humans and horses. Further, these vaccines are useful for administration 
I to pregnant females as a means of providing protective antibodies to a neonate prior to birth. 
f\ The immunogenic compositions of the invention may be used as a means for 

I raising monoclonal, polyclonal, or anti-idiotypic antibodies usefi.1 for prophylactic, therapeutic 
b and diagnostic purposes. Diagnostics ar. particularly useful in monitoring and detecting various 
I infections and diseases caused by HA containing bacteria such as group A or group C 
streptococci. The immunogenic compositions of the present invention may be used as an 
immunogen for use in both active and passive immunogenic protection in those individuals 
infected or at risk of infection especially by group A or group C streptococci. The bactericidal 
antibodies used for passive protection are produced by immunizing a mammal with any of the 
20 immunogenic compositions of the invention and then recovering bactericidal antibodies. The 
bactericidal antibodies for use with the present invention may be present in serum, a partially 
purified fraction such as a gamma globulin fraction, or purified antibodies. For example, IgG 
can be purified from crude protein mixtures, such as serum or ascitic fluid, by using protein A- 
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„ protein G-agarose. Proteta A binds » .he Fc portion ot.gG. Protein 0 also bin* ,o Fc 
region, but can also bind .0 Ae Fab region, making it useful for purification of F(ab)'. ftagments 
of IgGs. Crude samples of IgGs can be purified using a protein A- or protein 0-agarose 
columns. Senrni samples, ascitic fluid or tissue culture supenaum. should be diluted at least 1 :1 
witf, buffer before applying to a column. After applying the sample, the column is washed with 
a wash buffer. e.g. 20 mM sodium phosphate. 1 SO mM NaCl, pH 7.4, until most of the impurities 
arc removed. The IgG is then eluted with dution buffer, e.g. 100 mM glycine, pH 3.0. The IgG 
can then be concentrated by diafiltration or further purified by iomc exchange or size exclusion 
chromatography. 

"Humanize- antibodies (including chimeric and CDR-grafted antibodies), 
antibody ftagments. and especially bi-specific antiWies based on 4e claimed monoclonal 
antibodies are within the contemplation of the present invention, as are recombinant antibody- 
1 related products produced in prt>caryotic or eucaryotic cells. For example, antibody figments, 
U such as Fab and F(ab'), ftagments. can be produced in culture by host cells such as E. coU. yeast. 
I insect and mammalian cells upon determination of stmcmral (sequence) infom,aUon for the 
8 variable regions of the antibodies of the invention. See, for example, U. S. Patent No. 6,180,377. 
■ ' Sequence infomtation for the variable regions also enables pt^ation of CDR-grafted 
antibodies. Moreover, chimeric antibodies (e.g.. mous=*uman antibodies) may be pr^ed 
using transfomted mouse myeloma cells or hybridoma cells and bi-specif,c antibodies may be 

20 produced by hybrid hybridoma cells. 

The pharmaceutical compositions and vaccines of the invention are typically 
formed by dispersing the low molecular weight hyaluronic acid and/or conjugate in a suitable 
pharmaceutically acceptable carrier, such as physiological saline, phosphate buffered saline or 



592777 v1 



-14- 



oter injectable liquids. The pharmaceutical composition or vaccine may be administeted 
paremerdly, for example subcutaneously. inttaperitoneally. or intramuscularly. Additives 
customary in pharmaceutical compositions such as vaccines may also be added; for example, 
stabilizers, such as lactose or sorbitol, and adjuvants such as aluminum phosphate, aluminum 
5 hydroxide, aluminum sulphate, monophosphoryl lipid A. QS21. or stearyl tyrosine. Such 
pharmaceutical compositions may comprise the low molecular weight hyaluronic acid, its 
conjugate, o, antibodies to low molecular weigh, hyaluronic acid and/or to its conjugate. The 
compositions may be administer^ alone or in combination with a. least one other agent, such as 
an adjuvant or a stabilizing compountt which may be administer^ in any sterile, biocompatible 
a pharmaceutical carrier, including, but not limited to saline, buffered saline, dextrose, and water. 
I The compositions may be administered alone to a patient, or in combination with other agents, 
drugs, hormones, or biological response modifiers. 

The pharmaceutical compositions and vaccines are administered in amounts 
h sufftcien, to provoke an immunogenic response. Dosages wiU normally be within the range of 
-I about 0.1 to 50 ,g of conjugate molecule F.r kilogram of body weigh,. Dosages may be 
adjusted based on ,he size, weight, or age of the individual and is well within U>e level of skill in 
art. A series of doses may be given for optimum immuni^. The antibody response in an 
individual can be momtored by determining antibody titer or bactericidal activity and the 
individual may be boosted, if necessaiy. to enhance tiie response. 
20 The present invention provides compositions comprising antibodies, such as 

purified antibodies, gamma globulin fractions and serum useful for providing passive immunity 
,0 mammals infected or in danger of being exposed to HA containing bacteria, especially group 
A or group C streptococci. Among U,e many pathologies caused by streptococci ,s ti,e invasive 
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soft tissue infection wltich is associated with significant morbidity and mortality. See, for 
example. Ashbaugh et al. J. CM. I^es,.. 1998. .02:550. The IgGs. antibody ftagments. 
antibodies, gamma globulin fractions, and serum provided by the presem invention are nsefial for 
inhibiting or preventing infection from HA eontaimng bacteria, such as group A and group C 
5 streptococci and the resulting tissue necrosis and other pathologies resulting from such infection. 
Phanmceutical compositions comprising antibodies, such as purified anfibodies, gamma 
globulin fractions and serum are typically formed by dispersing the antibodies in a suitable 
pharmaceutic^ly acceptable carrier, such as physiological saline, phosphate buffered saline or 
other injectable liquids. The pharmaceutical compositions may be administeted parenterally. for 
a example subcutaneously. intraperitoneally. or intramuscularly. Additives customary in 
1 phartuaceutical compositions may also be added. Tire compositions may be administered alone 
or in combination v»th at least one other agent, such as a stabiliing compound, which may be 
i administered in any sterile, biocompatible pham«ceufical carrier, iucluding. but no, limited to 

0 saline, buffered saline, dextrose, and water. The compositions may be administered alone to a 

1 patient, or in combination with other agems. drugs, hormones, or biological resp^ 

I The pharmaceutical compositions comprising antibodies are administered in 

amounts sufficient to inhibit bacterial infection. Dosages may be adjusted based on tire size, 
weight, or age of the individual and is well within the level of skill in the art. A series of doses 
may be given for optimum immunity. The dose response in an individual can be monitored by 

20 detemrining antibody titer or bactericidal activity and the individual may be given addi.ior.1 

doses, if necessary, to enhance the response. 

Antibodies prepared according to the present invention are also useful for 
preparing various immunoreagents and for use in immunoassays. For example, for 
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,„_ys *e ,ow ™«.e* we,h. hya>„o.c ac. .^n,e„. « .he. conjugates .ay be 
ei.her «y o. .hrou^ a «er. such as a po.ypep* .0 a soM suppo. 
Me*o.s s«ar .0 *ose «d .0 .a.e c„„juga.es can be used fo, i— ion. The 
.Ubod,esca„,henbe«d.vaHous— saysysten,s^own.„mosein*ea„« 

5 o assays and EUSA for de.ec«n, .he p.sence of HA con-n, bac.eHa. such as 

^up A 0, ^up C s.^.ococci. such assays n,ay be used for diagnosing *e presence of 

antibodies in serum or other body fluids. 

The examples presented herein are mean. .0 exemplify Ure various aspeCs of 

in their entirety into this specification. 



^1 
61 

hi 



m 



EXAMPLE 1 

s Pri> paration nf TMW-HA 

I D.p.lym.Aati«n ofHyaluronic Add by Acid Hydrolysis 
5 Hyal«onie«i*^«»«*W^^ 

^0 05 N HCl. 'ihe mixiu. was hea.ed a. 80 "C for 2 hours^nds!i:««r^3?T° -he 

0 1 ■ ^ 

entiresolid. The sample was then heated for i 

.3Smon,.oredbyremovalofali,uo^ac.ionmix.urea.various.in,esanda„a,ysedon 

,0 aBi„.Radsys»(Biologic^dwid,aSuperose»12HR10/30c„lumn,Pharn«^ The 
solution wasneu-^h0.5NNaOH.d,endialyscdwid,aDiaflo*membraneof molecular 

weigh. cu^CO) 3.500 and lyophil^- The product was molecular size ftactionated 
th^u/superdex® 200 PO (Pharmacia) co.unm to yield 65 mg of solid product. 'H-NMR 
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hyaluroric »<. (HA). The average n,olec„.ar .^^^^^^^SSS^^'^^'^ 

size-exclusio;^^ 
^gge^f^KC^tobe'about 12,000 dalfons: 

P„para«.„ of HA OUgo.cch.ride. C.-ning D^l-uronic Acid a. .beir Nonreducing 

5 Ends 

Hyaluronic acid (100 mg, Lifecore lot 1-9062-5) is seated with 0,1 N HCl a. 
80 -C for 10 hours, m solution is neutralized wi* 0.5 N NaOH and desalted trough a 
Sephadex® G-20 (Phannacia) colunu, elated with water. Tire desalted product is freeze dried 
»d tr^ted with P-^-acetyl glucosaminidase (EC 3.2.1.30; Calbiochenr) to generate LMW-HA 
,0 fragments with about 4 to about 20 repeat units and containing D-glucuro„ic acid at their 
" nonreducingends. Uest™c.ureofthe oligosaccharides is confnned by NMR spectroscopy and 

y : methylation analysis. 

^ DepotymerizationofHyaluronicAcldbySoiiication 

_^Hy.lu««ic-aeid-fW™rt»«a5-Rrra^^ 
if &PBS buffer, artd the suspension stirred until dissolved. Tl-e samplewas^oni^™^ a 
; Branson sonicator ntodel 450, (sonication setiings: Ouju^corfol: 3; Duty cycle: 50%; 
:1 temperature: 2 »C) for 18 hours. Af»er did^IySpUi-tion, 57 n.8 of solid product was 
recovered The average moleculaj^of the resulting somcated hyaluronic acid was 
determined to be 18,000>U by SEC-MALLS using a MiniDawn inst^men, (Wyatt 
20 technology. Sant^ CA) and a Snperose* 12 HR 10/30 colunm (Phannacia). 'H-NMR 
analysis ofthe samples at 500 MHz conf^ed the structitre of the disaccharide-repeating unit of 
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EXAMPLE 2 
Pre paration p f I MW.HA Conjugates 

Reduction of acid-treated Hyaluronic Acid with NaBH4 

Hyaluronic acid, depolymerized with hydrochloric acid (65 mg), was dissolved in 
5 6.5 ml of deionized water. The pH was adjusted to 10 with 0.5 N NaOH and 64.5 mg of NaBH. 
added to the solution. ^ reaction mixture was held at room temperature for 2 hours. The 
excess NaBH^ was destroyed with 1 M acetic acid. Dialysis against deionized water with a 
Diaflo® membrane of MWCO 3,500 followed by lyophihzation yielded 35 mg of solid product. 
Periodate oxidation of reduced acid-treated Hyaluronic Acid 
10 Two 18 mg samples of the reduced and sized polysaccharides were dissolved in 

i 1.3 ml and 0.87 ml of a 10 mM aqueous solution of NalO^ to achieve a degree of oxidation (d.o.) 
of 10 and 20 percent respectively. The reactions were stirred in the dark for 2 hours at room 
temperature, and each was quenched with 20 ^ of ethylene glycol. TT.e reaction mixtures were 
then dialyzed and lyophilized to provide 17 mg of solid product. 

Preparation of acid-treated Hyaluronic Acid-Tetanus Toxoid Conjugate (LMW-HA/TT) 

^riedate--oxidized--(d:oH^/o^nd^^r^^ 
ipectively) and purified tetanus toxoid monomer (5 mg forraj 
Institute, Cop=nl,agen, Denmark) were dissolvedinO>tSf?^^ sodium phosphate. pH 7.4. 
Recrystalliz^ sodium cya„olx>rohydnd^W^r each sample) was added and fte mixtu. 
20 heid at room temperature^vsrtrijfiT^e progress of the reaction was monitored at various times 
using a Bi^^^^c) system equipped witi, a Supe^se® 12 HR 10/30 column 
(Phannacjaj^tajugation of polysaccharide to protein was indicated by a progressive increase 
,i M(2W m„) peak eluting in the void volume of the column. After conjugation was 
Uplcted. 10 mg of NABH. in 1 ml of 0.1 N NaOH was added to each «rple in order to 
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^uee any remaining moonjugated aldehyde. The conjugate was purifiedb^^ a 
cCun. (1.6 X 60 cm) of Superdex® 200 PG (Phannaci^elpM,?^ ^ PBS containing 
0.01 pe^cnt thimerosal. F,actio;«co™s^»di«g1^*e void-volume peak were pooled and 
3„,ed a. 4 "CJs^^err^SS^njugates 1 and 2 for 10 and 20 percent oxidation in dteir 

[aridesTTespectivelyr. 
Periodate oxidation of Sonicated Hyaluronic Acid 

Two samples of 26 mg and 30 mg of the sonicated polysaccharides were each 
dissolved in2and 1.5 mlofdeionizedwater,respectively and treated with0.65n.l and 1.5 ml of 

10 mM aqueous NalO. to reach degrees of oxidation (d.o.) of 10 and 20 percent, respectively. 
The reactions were stirred in the dark for 2 hours at room temperature, and each reaction was 
quenched with 20 ,1 of ethylene glycol. The solutions were then dialyzed and lyophilized to 
provide 24 and 25 mg of product, respectively. 

Preparation .f Sonicated Hyaluronic Acid-Tetanus Toxoid Conjugate (LMW-HAOT) 

S,,rieatcd^„dTKIt5daiMfflalSnn^^ 
p>rifiedL.« toxoid monomer (3.5 mg for each sample) weredissol5*«^ of 0.2 M 
/ sodium phosphate at pH 7.4. Sodium cyanoborohydride (T^n^^Tih sample) was added, and 

• ut Tkirf<marp<!s of each conjugation reaction was 
the mixtures held at room temperature ovemightjh<rprogress ot eacn conj g 

n^onitored by removal of aliquots fron^^ mixture at various times and subsequent 

analysis on a Bio-Rad (Biolo^em equipped with a Superose® 12 HR 10/30 column 

20 (Pharmacia). Conjug^polysaccharide to polypeptide was 

increase of a IP^orbing peak (280mn) eluting in the void volume of the column. After 

conjugaJiZs completed, NaBH. (1 0 mg in 1 ml of 0.1 N NaOH for each sample) was added 

to Zaction mixtures to reduce any remaining unconjugated aldehyde. The conjugates were 
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-10 mM PBS 



purified by passage over a Superdex® 200 PG (Phanmda^^ 
contaimng 0.0, percent Ur^r^J.^^^^^^^'^^ <» ^ ™— ^ "^'^ 
poced a„ds»re.Urf^« ^^^^^ ^"^'^ ' ' 

5 coupling of SooicaM Hyal.ronlc Add .0 Rec.p.bi.,a.. Cla. 3 Nei^eria. Porl. (LMW 
HA/rPorB) 



Soirica 



„g) were'^dissoWedij W ,1 of 0.25 M HEPES buffer. pHS^ntag 0.25 M NaCl and 
^ 0.05 percent Z^Cgen. ^14 (Calbiochem. SM^)- Sodiwn cyanoborohydride (20 
„g) was addUand tie mixture ineuWe^T for 1 day. After the conjugation was 
contpleted. 10 mg of sodium boph^d^^e in 1 m, of 0.1 N NaOH was added to the reaction 
fixture to remove ajj^ng aldehyde. Tlte conjugate was purified by passage over a 
eolumn of Sup^200 PG (Pharmacia), eluted with 10 mM PBS containing 0.01 percent 
tumefactions corresponding to the void-vo.ume peak, as monitored by UV absorbance 
, were 
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; pooled i 



;;;;;;;;r;;;^^^ sen.™ A.b.o,i„ Co.iuga,.s (LMW-HAmAS, as 

¥> ELISA coat antigens 

Both acid-treated and sonicated periodate-oxidized hyaluronic acids with a d.o. of 

10 percent, and Human Serun. Albumin (HSA, Fluka) were dissolved in 0.5 ml of sodium 
20 phosphate buffer, pH 7.4. Sodium cyanoborohydride was added, and the mixtures incubated at 
37 oc for 1 day. After conjugation was completed, sodium borohydride in 0.1 N NaOH was 
added to the reaction mixtures as described for the other conjugates to remove any remaining 
aldehyde. Conjugates were dialyzed and lyophilized. 
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Table 1: Physio-Chemical Characteristics of LMW-HAA>rotein Conjugates: 



Conjugates 


Carrier 


Mode 01 
Fragment 


PS d.o. 


%HAin 
Conjugate 


1 


TT 


Sonication 


10 


30 


2 


TT 


Sonication 


20 


28 


3 


TT 


Acid hydrolysis 


10 


31 


4 


TT 


Acid hydrolysis 


20 


20 


5 


rPorB 


Sonication 


20 


16 



CI 
il 



The hyaluronic acid and protein contend in the conjugates were measured by the 
carbazole (tor uronic acids) (Biner, T. ,962 A^l BiocUm. 4: 330) and coomassie (BioRad) 
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y| assays respectively. 
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EXAMPLES 

i,»ie.ti»n of theHvalnrnnir V'-* nHy,...rrharide Inhibitors 

Hyaluronate lyase (EC 4.2.2.1) from Stnptomyces hyalurolyticus (Sigma 
Biochemicals), the content of 3 ampoules in 10 mM PBS, was added to sonicated hyaluronic 
10 acid (60 mg ) and incubated at 37 »C for 1.5 hours. V.. reaction was stopped by boiling the 
.action mixture at 100 X for one minute in a water bath. The progress of the enzymatic 
digestion was monitored by removal of aliquots of the reaction mixture and analysis on a BIO- 
RAD system (Biologic) equipped with a Superdex® peptide column (Pharmacia), with 10 mM 
PBS as eluant at a flow rate of 0.75 mVmin. The solution was stored at 4 °C until ftirther 
15 purification. 
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chromatography with (Jo^o^S^/S column (Phannacia) using a HPLC109^wlet, 
Paekari 1090 Series II) ^^equipped with a diode-amy dctecloMl-^rfgrammable auto- 
injector, a fraction collector, and the Hewlett Packard ChemsMipn-lS^ program tor system 
control and data acquisition/processing. A step-gjadjstrJUodium chloride in Tris-HCL buffer 
was used for the separation. Two oligosaccJsiriSifactions corresponding to a dimer (DP2) and 
a tetramer (DP4) eluting, respectively-i^een 18 to 26 minu|«an^between 28 ,0 31 minutes 
were collected, lyophili^d^^esalted using a(s5^^7^1nmn (Pharmacia) and 
deiomzed water as e^iTrhe strucntre of the olig^cchwles.v^conf,m,ed by examination 
oftheir'H-NJ^ctraatSOOMHz. The DP2 oligosaccharide corresponded to A4,5-(M31cU- 
0,,)^A0, and the DP4 to A4.5-B-GlcU-(l,3)-B-D<ilcNAc-(l,4>l)-D-GlcU-(l,3)-ll-D- 
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EXAMPLE 4 

Serological Studies: Immunospecificity of Rabbit Antisera 
fn I nw Molecub f Wi^iffht Hvaluronir Acids q.MW-HAs) 

'^5 Immunogenicity studies 

C New Zealand white rabbits were immunized subcutaneously, 3 times at 21 day 

^ intervals (days 0, 21, and 41) with 10 coiyugated polysaccharide per dose of LMW-HA/TT in 
Freund's complete adjuvant for the first dose and incomplete Freund's adjuvant for the second 
and third doses. Rabbits were ear bled at days 21, 31 and 41 and a cardiac puncture test was 
20 performed 10 days after the third immunization. 

Titration of Rabbit Antisera on LMW-HA^SA Coated Plates 

Microliter plates (NUNC Polysorp) were passively coated with either sonicated 
LMW-HAmSA or acid hydrolyzed LMW-HA^SA conjugate (approximately 25 ng PS in 100 
^L/well) diluted in PBS (50 mM sodium phosphate, 150 mM NaCl, pH = 7.4) for one hour at 37 
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"C. After washing the plates with PBS + 0.05% Tween® 20 (PBS Tween, pH = 7.4), the plates 
were post-coated with 150 ^iL/well PBS + 0.1% Bovine Serum Albumin (PBS + BSA, pH 7.4) 
for one hour at room temperature. After the post-coat, the plates were again washed and stored 
at 2-8 "C until used. 

Rabbit antisera were diluted serially in PBS Tween in wells of microtiter plates 
coated with either sonicated LMW-HAMSA or acid hydrolyzed LMW-HA^SA to a final 
volume of 100 ^L/well and incubated for one hour at room temperature. The plates were washed 
with PBS Tween and 100 nL of a goat anti-rabbit IgG-Horseradish Peroxidase conjugate 
(Kirkegaard and Perry Laboratories) diluted 1:2,500 in PBS Tween was added to each well. 
Following a one-hour incubation at room temperature, the plates were again washed and 100 ^iL 
of TMB Substrate Solution (KPL) was added to each well. The plates were incubated for five to 
ten minutes at room temperature and color development was stopped by the addition of 100 ^iL 
of One Component Stop Solution (KPL) to each well. The optical density of each well was read 
at 450 nm, and titration curves were generated for each condition. 

Inhibition of Binding of Rabbit Antisera to Sonicated LMW-HA/TT on LMW-HA/HSA 
Coated Plates 

Microtiter plates were coated as above. Rabbit anti-sonicated LMW-HA/TT 
antisera were titered on plates coated with sonicated LMW-HA/HSA conjugate. The dilution 
corresponding to approximately one-half of the maximum signal was chosen as appropriate for 
the inhibition studies. The rabbit antisera were diluted into PBS Tween. Inhibitors were serially 
diluted in buffer containing the dilute antisera in Titertubes® (Bio-Rad) and 100 ^iL of each 
sample were taken from the Titertiibes® and added directly to wells of coated microtiter plates. 
Samples were incubated in tiie microtiter plates for one hour at room temperature. The 
microtiter plates were washed with PBS Tween, then 100 ^L of goat anti-rabbit IgG-HRP 
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conjugate (KPL) diluted 1:2,500 in PBS Tween were added .0 each well. Ue plates were 
incubated for one hour at room temp.ra.ure, and washed with PBS Tween. 100 .L of TMB 
Substrate Solution (KPL) was added to each well. The plates were incubated at room 
temperature for five to ten minutes and color development was stopped with the addition of 100 
,L to each well of One Component Stop Solution (KPL). and the absorb»ce at 450 nm was 
read. Mbition was determined as percent of maximum signal achieved with dilute antis^um in 
the absence of any inhibitor. 
Immune Response of New Zealand White Rabbits 

Eight New Zealand White rabbits were immunized with three subcutaneous 
i injections of either soricated Hyaluronic Acid-Tetanus Toxoid (LMW-HA^, or acid 
i hydrolyzed Hyalut^nic Acid-Tetanus Toxoid (LMW-HA/TT) conjugates (four anintals for each 
I conjugate). Figure 4 displays the immune response for each individual rabbi, for flte sonicated 
1 LMW-lWrr conjuga.e immunogen. All four animals responded .0 the hyaluronic acid with 
J ELISA titers in excess of 50,000. Figure 5 shows the immune response for the individual rabbits 
] immunized with acid hydrolyzed LMW-HAOT conjugate. All four individual animals 
:! responded to the hyaluronic acid with ELISA titers of approximately 10.000. or greater. 

The immune response of the rabbits was demonstrated to be specific depending 
on the nature of dre conjugate used for the immunizations. Fig»e 6 shows that antibodies from 
ammals that were immunized with the somcated LMW-HAm conjugate generally reacted more 
20 readily to plates coated with sonicated LMW-HAfflSA. rather than acid hydrolyzed LMW- 
HAfflSA. There is at least an order of magnitude difference in the immunoreactivi^, between 
these different coating antigens. Tbe converse holds true for the animds immunized with the 
acid hydrolyzed LMW-HAAT conjugate. Figure 7 shows an order of magnitude preference for 
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these antisera to the acid hydrolyzed LMW-HA^SA conjugate as opposed to the sonicated 
LMW-HA/HSA solid phase. 

Sp«fflel., of A..i«ra Ge».r..ed by Sonicated LMW-HAHT in N«, Zealand While 
Rabbits. 

Specificity of antisera produced in rabbits by immunization with the sonicated 
LMW-HAAT conjugate was examined by microtiter plate inhibition studies. Results of 
inhibition studies using antisera from rabbit #75295 immunized with sonicated LMW-HAHT are 
represented in Figures 8 and 9. Figure 8 indicates several species of sonicated HA as well as 
several species of acid hydrolyzed HA used as inhibitors. In this experiment, all forms of the 

0 acid hydrolyzed HA were poor inhibitors of antibody binding to the coated sonicated LMW- 

1 HA/HSA. Regarding the sonicated species of the inhibitors, the trend appears that the smaller 
i theHAfragmentproducedbysonication,themoreefficientthatfragmentisasaninWbi^ Ms 
{ indicates that the smaller HA molecules present more epitopes per unit mass^an the larger 

species. 

•n« results presented in Figure 9 fcrther elucidate this finding. Herein, the ve., 
; high molecular weight native HA is seen as a very poor inhibitor, almost dtree orders of 
:! magnitude less than the 20 kD HA used as the immunogen. Smaller species were also used as 
iriribitors in this experiment. The tetrasaccharide form ofHAwasarelatively efficient inhibito^^ 

while the disaccharide and D-gteuronic acid forms did not iritiblt the antibody binding to the 

20 solid phase at all. 

Results from inhibition studies performed using antiserum from rabbit #72700, 

which was also immunized with the sonicated LMW-HA/TT conjugate, are presented in Figures 

10 and 11. These results are quite similar to those obtained from rabbit #75295 as previously 

described. Figure 10 displays results similar to those seen in Figure 9. Tliat is, the 
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.e^accharide fo™ of .he HA and fte sonicated (20K) im^unogen fo™ of U,e HA inhibit well, 
whiie the disaecharide ™d native fom,s of HA inhibit poorly. Tlte ,=.ation*ip between the size 
of the HA and immunoreactivity was father examined using a hexasaccharide form of HA. 
T1,ese results are shown in Figure 1 1. The results indicate that this fom, of HA is capable of 
complete irf-ibition of antibody binding. Fron, these studies it is apparent that at leas, the 
.etrasaccharide fom, (Wo repeating subuni.) of HA is necessary for contplere inhibition. Tlte 
disaecharide fonn of HA is in^fftcient for inhibition and th.. the naUve form of the molecule is 
„„. an optimal inhibitor. Tberefore, a reducdon in .he size of the large native HA n.ol=cule is 
preferable for immune recognition. 

EXAMPLES 
Immiiiirt'"'"'V ^'■""'^ 
A-tiser. Produced in Mice to Hyaluronic Acid-Protei. Conjugates 

Bod, BALB/c and CDl mice were immunized wid. three injections of LMW- 
HA/protein conjugate vaccines. The conjugates were either sonicated LMW-HAHT. as wift the 
.bbits, or sonicated HA conjugated to rPorB (LMW-HA/rPorB). The LMW-HA/TT conjugate 
vaccine produced no imntune response greater than that of the negative control. However. 4e 
LMW-HA/rPorB conjugate produced measurable ELISA titers in 100% of the animals 
immunized. These data are shown in Figures 12 and 13 for BALB/c mice and CD, mice. 



respectively. 



0 



EXAMPLE 6 
Protection Experiments 



Passive Immunization 

Rabbit antisem to LMW-HAHT conjugates were used for protection assay in 
passive in^— in adult Balb/c mice. Tfte rabbit antisera (0.5 ml) diluted by half in sterile 
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PBS was injected i„«aperiu,„ealy (IP) .wo hows Wore challenge ffP) ™ft a LD90 challenge 
dose of group A s«p«occus (OAS) W « or type 3. The antisera of a rabbi. wift 
phosphale buffer saliue (PBS) and conrplCe F«d's adjuvan. (CPA) as well as a rabbi. 
a„.iserum raised ag»s. .he group A s«ep.c«occal carbohydra.e coujuga^d .0 « .oxoid 
were included in pro.ec.ion experimen. as conuol sem. Survival was followed for 10 days 
after challenge. 

The LD90S were previously determined after immunization of Balb/c mice with 
rabbit antisera immunized withPBS/CFAfollowed2hours later by an IP challenge 

of doses of GAS type 6 or type 3 . T^e LD90 for GAS type 6 and type 3 was determined to be 
respectively 5 x 10^ and 2 x lO' eft. /mL. The results of the challenge experiments are shown in 
Figures Hand 15. 
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